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摘要 

在本論文中，利用「由上而下」(top down)方式製作雙閘極奈米線薄

膜電晶體。實驗中利用固相結晶法(SPC)製作多晶矽奈米線通道，並使用氨

氣或氮氣電漿處理，以大幅增進材料及元件的效能。由實驗結果可知，雙

閘極中的上閘極(top gate)較主閘極(main gate)有較優越的控制力；與單

閘極奈米線薄膜電晶體相較，由於上閘極的加入大幅提升通道中的導通面

積，進而增進電晶體的驅動電流。另外，更可利用在雙閘極上加不同偏壓

來調變電晶體的導通臨界電壓，進而具有函數化(functional)的功能。本

論文中，將雙閘極奈米線薄膜電晶體操作在上閘極模式(top gate mode)，

主閘極模式(main gate mode)及雙閘極模式(double gate)，分別測量其電
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性並萃取其活化能，進一步討論其導通及漏電流機制和電漿處理所造成的

影響。 

本論文中，並探討利用高介電質材料覆蓋單閘極奈米線電晶體，以藉

由高介電值的邊際效應(fringing effect) ，來大幅增進元件電性。 
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Abstract 

In this thesis, we utilize the top-down approach to fabricate double-gated 

nanowire thin film transistor. Solid-phase crystallization was employed to grow 

polycrystalline-silicon nano-channel, and NH3 or N2 plasma was used to 

improve the material quality and device performance. From our experimental 

results, the top gate of double-gated nanowire thin film transistor has superior 

controllability over that of the main gate. Compared with the single-gated 

nanowire thin film transistor, the double-gated nanowire thin film transistor 

depicts higher drive current with larger conducting area by the incorporation of 

top gate.  
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In addition, we also extract the activation energy for the double-gated 

nanowire thin film transistor operated in the top gate mode, main gate mode or 

double gate mode, respectively. The mechanisms of ON-state and OFF-state 

currents and the effect of the plasma treatments were investigated.   

In this thesis, we also explore the possibility of using the fringing field 

effect to enhance the device performance by passivating the single-gated 

nanowire thin film transistor with high dielectric constant material. 
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Chapter 1 
                                                                        

Introduction 
 
1.1 Double-gated poly-Si TFTs                                

 

Polycrystalline silicon (poly-Si) thin-film transistors (TFTs) have been studied 

for a long time for their applications to liquid crystal display [1], such as pixel 

switches, drivers, and peripheral control circuits in active-matrix liquid-crystal 

displays (AMLCDs) [2]. In recent years, Poly-Si TFTs have broaden their 

applications to memories and sensors, such as static radom access memories (SRAMs) 

[3] [4], electrical erasable programming read only memories (EEPROMs) [5], and 

image sensors [6]. 

For these applications, scaled-down poly-Si TFTs with high performance and 

high reliability are required. The electrical characteristics depend on the poly-Si 

quality and the transistor’s structure. Compared with amorphous silicon (a:Si) TFTs, 

poly-Si TFTs exhibit higher drive current [7] and mobility [8]. However, the 

performance of conventional poly-Si TFTs can not fully satisfy the requirements of 

these applications [9] [10] because of the presence of grain boundaries. Many pending 

issues remain to be resolved. For example, poly-Si TFTs normally depict anomalous 

off-state leakage current, which originates from the high electric field between the 

gate and drain [11] and the defects in grain boundaries (GBs) in the channel [12] [13]. 

It causes poor switching characteristics and limits their applications. Various solutions 

such as lightly-doped drain (LDD) poly-Si TFT [14] structure has been proposed to 
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reduce the electric field between the gate and drain. Other structures, such as Schottky 

barrier thin-film transistors (SBTFT) with field induced drain (FID) [11], offset gate 

[15], the p-n-p gate [16] are also proposed to reduce the off-state leakage current. 

In addition, the grain size and grain quality in poly-Si channel material are 

known to greatly affect the electrical performance of poly-Si TFTs [17]. There are a 

lot of studies devoted to improving the channel material quality of poly-Si TFTs in 

order to obtain better device performance [18], [19]. Nowadays, several methods have 

been developed for improving the poly-Si material quality or growing poly-Si channel 

with single or few grain boundaries. For example, the solid phase crystallization (SPC) 

[20], [21] has been proposed to transfer amorphous Si into poly-Si with few defects 

by long time annealing. The metal-induced lateral crystallization (MILC) [22], [23] 

introduces metal as a crystal seed for lowering the crystallization temperature of a-Si 

to poly-Si with large grain size and few defects. Moreover, excimer laser 

crystallization (ELC) [24] and plasma treatment [25], [26] are also very useful 

methods to improve poly-Si channel quality. 

On the other hand, scaling down TFT can greatly improve the electrical 

performance. The smaller device size enables higher device density in SRAMs and 

DRAMs, and also increases the driving current of peripheral driver circuits in 

AMLCD applications. However, several short-channel effects are known to aggravate 

with reducing TFT dimension, such as threshold voltage roll-off, larger drain-induced 

barrier lowering (DIBL), and the kink-effect. Several multi-gate structures including 

double-gate [27], tri-gate [28], FinFET [29] and gate-all-around [30] CMOS 

technology have been proposed to improve the gate controllability over the channel, 

and therefore reduce short-channel effects. 

It has been experimentally demonstrated that the double-gated (DG) structure 

can provide a higher driving current because it has twice the conduction channel area 
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per device area [31]. Also, the better subthreshold slope is ascribed to the stronger 

control by the gate voltage on the channel potential [32]. The unique geometric 

structure can also suppress the short-channel effects [33], compared with single-gated 

TET. In addition, the use of an ultra thin silicon channel will ensure a tight coupling 

between the gate potential and the channel, thus reducing DIBL effect [34].  

The most common operation mode of DG TFT is to bias a common gate by tying 

the two gates together. It can also be operated by having different biases on two gates 

simultaneously to flexibly control the threshold voltage of TFT [35]. As a result, the 

double-gated TFT is very attractive for both analog and digital applications. 

 

1.2 Overview of nanowire structures  
 

In order to have higher drain current, Ion/Ioff ratio, switching speed and aperture 

ratio, nanowire technology is crucial for scaled devices. TFT with its channel smaller 

than 100 nm is referred to as “nanowire device”, which has several unique features 

such as high surface-to-volume ratio, small size, and high surface sensitivity. Because 

of these advantages, silicon nanowires (SiNWs) [36] have superior electrical 

performance [37] and have been applied to many applications including switches [38], 

memories [39], [40], large-area electronics, and chemical and biological sensors [41]. 

Nowadays, the NWs can be prepared by either top-down [42], [43] or bottom-up 

approaches [44]. The top-down approaches typically need advanced lithography tools, 

such as e-beam, X ray, nano-imprint, etc. However, the advanced lithography tools 

are very expensive. For the bottom-up approaches, the metal-catalytic growth [45] 

and oxide-assisted catalyst-free method are usually employed [46]. The former 

approach is straight-forward for the fabrication of nanowire devices, but is costly. The 

latter approach, though less expensive, also possesses many problems, such as the 
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precise growth on the designed device location and metal contamination, etc. In this 

study, to circumvent these shortcomings, we develop a simple method for the 

preparation of Si nanowire TFT double-gated devices. 

 

1.3 Plasma treatments on poly-Si 
 

Grain boundaries and in-grain defects of poly-Si film as a result of the limitation 

of deposition condition result in the continuous distribution of traps in the forbidden 

bandgap [47], which will degrade the carrier transport and device electrical 

performance. The variation of threshold voltage and subthreshold slope of TFTs is 

associated with the deep states originated from the dangling bonds of grain boundaries. 

The mobility and minimum leakage current are associated with the tail states 

originated from the in-grain defects [48]. The density of in-grain defects of poly-Si 

film transformed from amorphous silicon by low-temperature solid-phase 

crystallization (SPC) is very high. These trap states can be passivated by hydrogen, 

but high hydrogen concentration and long treatment time are needed for its 

accumulation. Among various hydrogenation methods, the hydrogen plasma treatment 

[49] and hydrogen implantation [50] are the two most common methods. The 

hydrogenation tends to tie up the grain-boundary dangling bonds and improves the 

characteristics of poly-Si TFTs [51]. However, the weak Si-H bond is unstable at 

temperature higher than 400oC, and suffers from poor hot-carrier endurance [52]. 

Other plasma gases like NH3, N2, O2, N2O, CF4 are also used [53] -[55]. Tsai et al. 

showed that the electrical characteristics of poly-Si TFTs were much improved using 

the H2/N2 mixture plasma treatment than the pure H2 plasma treatment [56]. It is 

attributed to the nitrogen passivation and the promotion of hydrogen plasma 

generation by nitrogen radical collision. Yang et al. also showed that the 
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characteristics of poly-Si TFTs can be improved by combining the nitrogen 

implantation and the H2-plasma passivation [57]. 

Defects passivation of nitrogen could be responsible for the improved 

characteristics. On the other hand, it has also been proposed that NH3 plasma 

treatment can improve hot-carrier reliability, compared with pure H2 plasma. It is 

attributed to the nitrogen pile-up at SiO2/poly-Si interface and the formation of strong 

Si-N bond that will terminate the dangling bonds at the grain boundaries of the poly-

Si films. [58]  

 

1.4 Motivation 
 

As mentioned above, the simple and low-cost top-down approach is an attractive 

way to fabricate nanowire devices. Recently, our laboratory proposed and 

demonstrated a novel and cost-effective method (i.e., no need of costly lithographic 

instruments) to fabricate NW DG-TFTs [59]. We have successfully fabricated 

nanowire poly-Si channel by borrowing the concept of the sidewall spacer formation 

in MOSFET. The advantages of our process are as follows. 

(1) It is a simple low-temperature process. 

(2) It is a low-cost process. It does not require costly advanced lithography tool or 

expensive SOI wafers. 

(3) The technique has strong flexibility and can be readily extended from silicon to 

strain silicon, silicon germanium, and germanium. 

(4) It is compatible with modern semiconductor processes. 

However, the gate controllability of the second gate is weak because of the thick 

gate oxide. In my thesis, a very thin gate oxide was tried to improve the second gate 

controllability. Moreover, the high k stacked layers of Al2O3 and HfO2 were used to 
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cap the top of the SG NW-TFT channel to study the effect of high-k gate oxide on the 

electrical performance. From the mechanisms discussed above, NH3 and N2 plasma 

treatments were explored to improve the electrical characteristics of DG NW-TFTs in 

our study. 

 

1.5 Thesis organization 

 

In this thesis, we have fabricated double-gated nanowire thin film transistors and 

single-gated nanowire thin film transistor with high-k passivation layer. 

The overviews of double-gated poly-Si TFTs, nanowire channel, and plasma 

treatments are introduced in Chapter 1. In Chapter 2, we introduce the device     

fabrication process and the measurement parameters. Chapter 3 discusses the 

electrical characteristics of double-gated devices. Three operation modes, namely, TG 

mode (i.e., bias applied to the top gate with grounded main gate), MG mode (i.e.,bias 

applied to the main gate with grounded top gate,) and DG mode (i.e., bias applied to 

the main gate and top gate simultaneously) were discuss carefully in Section 3.1. And 

the leakage mechanism of DG NW-TFT was investigated in Section 3.2. In Chapter 4, 

we explore methods to improve the device performance by subjecting the device to 

different plasma treatment, and their mechanisms are discussed. In Chapter 5, we 

study the fringing field effect of the high-k passivation on SG NW-TFTs. Finally, we 

summarize the conclusions, and future works are suggested in Chapter 6.  
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Chapter 2 
                                                                          

Device Fabrication and Measurements 
 
2-1 Device Structure and Fabrication 

 

The structure and top view of double-gated dual-channel thin film transistor is 

shown in Figs. 2-1(a) and (b). 6 inches n-type Si wafers were used as the starting 

substrate. First, a150nm SiO2 layer was grown by thermal oxidization on Si wafer. 

Then, n+-doped poly-Si layer of 100nm was grown to serve as the main gate. SiO2 

dielectric with a thickness of 18 and 36 and 67 nm was grown, respectively, on poly-

Si by low-pressure chemical vapor deposition (LPCVD) with TEOS as the source, to 

serve as the main gate oxide. An a-Si layer was then deposited by LPCVD at 550 oC, 

followed by a thermal annealing at 600 oC in N2 ambient for 24 hours to transform a-

Si into poly-Si (i.e., solid phase crystallization process). P31
+ ion implantation with a 

dose of 1 x 1015 cm-2 at 15 keV was performed and the source/drain (S/D) regions 

were defined by a standard lithography. It should be noted that the implant energy 

was kept low so that the implanted dopants were distributed near the top surface of 

the poly-Si layer. The S/D photoresist patterns were then formed by a standard 

lithography. Afterwards, a reactive plasma etching was used to remove the poly-Si 

layer without the photoresist protection and two Si channel nanowires were formed in 

a self-aligned manner. Since the implantation energy is low, the dopants in places 

other than S/D regions were removed during the reactive plasma etching owing to the 

shallow projection range. The S/D dopants were activated by annealing treatment at 

600 oC for 30 min. Then, an LPCVD SiO2 thickness of 18 and 32 and 60 nm, 
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respectively, was deposited to serve as the top gate oxide. A 100 nm in-situ-doped n-

type poly-Si was then deposited and patterned to serve as the top gate. Finally, a 

200nm SiO2 passivation oxide was deposited. The standard metallization process was 

used for the formation of metal pads.  

Both NH3-plasma and N2-plasma were used to improve the device characteristics. 

A parallel-plate plasma reactor with RF power of 200 W, flow rate of 700 sccm for 

NH3-plasma and 300 W, 200 sccm for N2-plasma were used, and the treatment 

temperature was fixed at 300 oC. The treatment time was varied to serve a process 

parameter in this study. The process flow-charts are illustrated in Figs. 2-2 (a) to (f).   

The fabrication process of nanowire TFT with high-k passivation was the same 

as the process shown in Figs. 2-2 (a) to (d), except that the main gate oxide thickness 

was kept at 15nm. The high-k passivation of 10nm Al2O3 and 20nm HfO2 prepared by 

MOCVD was finally capped with 200nm SiO2 passivation.  

The cross-sectional view of DG NW-TFT is shown in Fig. 2-3(a), while the 

images by transmission electron microscopy (TEM) after device formation is shown 

in Fig. 2-3(b). Figure 2-4 (a) defines the device parameters of DG NW-TFT, and the 

TEM picture is shown in Figure 2-4 (b). The width and thickness of NW channel are 

50 and 80nm, respectively.  

2-2 Device characteristics and measurements of 

nanowire thin-film transistors 

 

The electrical performance of TFTs strongly depends on its structure and the 

channel quality. There are several important parameters, namely, top gate oxide 
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thickness (tox,top), main gate oxide thickeness (tox,main), channel length (L) and gate 

width (GW). The channel structure depends on the geometry of main gate height and 

oxide thickness, and the channel size can be controlled by the over-etching time 

during the channel fabrication process.  

Current–voltage (I–V) characteristics were characterized by an HP 4156 

semiconductor parameter analyzer at a stable temperature controlled by temperature-

regulated hot chuck. I-V characteristics of transistors including threshold voltage (Vth) 

and subthreshold swing (SS) were measured and derived using an HP4156 parameter 

analyzer.  

From the ID-VG curve at VG = 0.5 V, the characteristics of DG NW-TFTs 

including threshold voltage (Vth), subthreshold swing (SS), field-effect mobility (μFE) 

can be extracted according to their definition. The threshold voltage is defined as the 

gate voltage (VG) to achieve a drain current (ID) of (W/L)×100 nA, i.e., Vth is 

extracted approximately at ID = 10 nA. 

                nA100
L
WI@VV DGth ×==                          (2-1) 

where W and L are the channel width and length, respectively. 

The subthreshold swing (SS) can be calculated from the subthreshold current in the 

weak inversion region by 
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where gm is the maximum transconductance and Cox is the gate capacitance per unit 

area. 
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The transconductance, GM, is extracted by the differentiation of ID to VG.  
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Chapter 3 
                                                                          

Poly-Si Nanowire Thin-Film Transistors 

With Double Gated Structure 
 

From our previous studies, we demonstrated a novel method to develop poly-Si 

nanowire thin film transistors with very simple and non-expensive procedure. The 

nanowire thin film transistors (NW-TFTs) offer unique characteristics of lower 

leakage current, higher carrier mobility and better sub-threshold slope due to the 

inherent large surface-to-volume ratio, small volume of nanowire, fewer defects and 

grain boundaries existed in poly-Si nanowires. The stronger gate control can result in 

the suppression of undesirable short channel effects. In addition, we can improve the 

characteristics of NWTFTs with the ammonia (NH3) plasma treatment. In this work, 

we study the characteristics improvement of this device with an additional top poly-

gate on the original main-gate, which is so called a double-gate nanowire thin film 

transistor (DG-NWTFT), to offer better performance including higher ON current, 

larger ON/OFF current ratio, and steeper subthreshold slope (S.S.) due to the 

additional stronger gate control. In order to further understand the electrical 

characteristics of DG-NWTFT, the comparison of the SG-NWTFT and DG-NWTFT, 

the gate oxide thickness, the gate width and the off state leakage mechanism will be 

studied carefully in this chapter. 
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3.1 Electrical characteristics of NW-DG TFTs 

 vFrom Fig. 2-4 (b), the conduction channel width of about 50nm and 80nm were 

effectively controlled by the main-gate and the top-gate, respectively, and hence the 

total channel width under double-gate control mode is 130nm. The ID-VG and ID-VD 

characteristics of the NW-TFTs in (single-gate) SG and (double-gate) DG devices 

after 3-hour plasma treatment in NH
3 
ambient are shown in Fig. 3-1(a) and Fig. 3-1(b). 

The gate oxide thickness of SG-NWTFT's is 18 nm and both the main gate and top 

oxide thickness of DG TFT's are 18 nm. 

The major parameters for the performance of aforementioned DG-NWTFT and 

SG-NWTFT are listed in Table 3-1. The on and off currents used to calculate the 

on/off ratio are defined at VG=7V, VD=0.5V and VG=-3V, VD=0.5V, respectively. 

Figure 3-1(a) clearly show that the performance of DG-NWTFT have higher on 

current, larger ON/OFF current ratio (above 106 ) and better S.S than that of SG-

NWTFT. On the other hand, it can effectively suppress the drain induce barrier 

lowering ( DIBL ) effect since there is almost no threshold voltage shift in the 

subthreshold region under VD = 0.5 and 3V. The on current in DG-NWTFT at VG = 

7V, VD = 3V is about 2.9 x the sum of current from SG mode. The S.S. can be 

reduced from 360 mv/dec to 180 mv/dec. From the ratio of ON-current to channel 

width, the current per unit channel width of DG-NWTFT is 32 μA/μm 

(8.4μA/260μm), which is similar to that of SG one 29 μA/μm (2.9μA/100μm). It 

implies that the conduction path of NW device is via the channel surface instead of 

the bulk. 

It can be observed clearly that the DG device has higher ON current and steeper 

S.S. and better gate controllability to suppress the DIBL effect than that of SG NW-

TFTs in Fig. 3-1(a) and (b). The mechanisms are (1) the improvement of the 
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subthreshold slope to suppress the DIBL effect of DG device is attributed to the 

stronger control of the gate voltage on the channel potential in the DG structure. (2) 

the increase of the on current is from two conducting area and the mutual modulation 

effect of the double-gates (3) the increase in the effective mobility may come from the 

lower average vertical electric field in the channel, which reduces the interface 

roughness scattering [60]. 

Although these advantages mention above, there is one point we have to pay 

attention. The off current of DG-NWTFT operated at VG=-3V, VD=3V is higher than 

that of SG-NWTFT, which is from the gate-induced drain leakage (GIDL) effect [61] 

[62]. It needs further improvement.  

In Fig. 3-2(a) and Fig. 3-2(b), the influence of channel length in DG-NWTFTs is 

also investigated. Figure 3-2(a) depicts the transfer characteristics of DG-NWTFT 

with the channel length of 0.8 and 2.0μm. It was reasonable to show that when the 

channel length is shorter, the drain current is higher. It can be summarized that the 

DG device has better controllability, so the drain-induced-barrier-lowing (DIBL) 

effect is not observed even in short channel devices.    

As shown in Fig. 3-2(b), the drain current for the DG-NWTFT device with the 

shorter channel length of 0.8 μm can not saturate. The electric field increases with 

decreasing the channel length under a fixed drain voltage. As the drain voltage is 8V, 

the drain current is much increased. The electric field in the channel is 8V/0.8μm = 1 

x 105 V/cm, which is too small to induce ionization [63]. It is from the DIBL and 

threshold-voltage-roll-off effects. The gate controllability in short channel devices is 

degraded by the electric field of drain, which can be easily observed in output 

characteristics of Fig. 3-2(b). It is also observed the saturation of drain current is 

difficult for the shorter channel device with L = 0.8μm.  
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Figure 3-3 (a) shows the transfer characteristics and Figure 3-4 shows the output 

characteristics of DG-NWTFT device operated in SG and DG modes. For SG mode, 

when the device operated with the main gate grounded and the top gate as the control 

gate is denoted as TG, and when the device operated with the top gate grounded and 

the main gate as the control gate is denoted as MG. For DG mode, both top and main 

gates are connected together to serve as the control gate. 

From TEM examination, we observe that the conducting area of MG is about 

60% that of TG. The ON saturation current of TG higher than that of MG is from the 

conducting area of TG larger than that of MG. It also means the minimum leakage 

current of MG should be lower than that of TG, but the fact is that the minimum 

leakage current of TG is lower than that of MG. It could be from our special 

geometric structure as shown in Fig. 3-3 (b). Because the top gate has higher 

controllability than that of the main gate, the channel below the top gate is in the 

depletion state or weak inversion state when the top gate is grounded. The channel 

below the main gate is in the accumulation state even with a negative voltage is 

applied on the main gate and also effect the channel energy band of region B (in Fig. 

3-3 (b)) to be less depleted. But the region A (in Fig. 3-3 (b)) stays in the depletion 

state or weak inversion state. It should be noted that the larger OFF-current could be 

from the gate-induced drain leakage (GIDL) effect. The leakage mechanism will be 

carefully analyzed in the following section. 

From the results of Fig. 3-4 (a) and (b), they support the mechanism discussed 

above. Fig. 3-4 (a) shows the Id –Vg (top gate) with the main gate voltage as a parameter 

varied from 3 V to -3 V in a step of 1 V, and Fig. 3-4 (b) shows the Id –Vg (main gate) 

with the top gate voltage as a parameter varied from 3 V to -3 V in a step of 1 V. In 

Fig. 3-4 (a) for the main gate is in off state, the drain current at fixed top gate voltage 

of 3V increases with the main gate voltage. It comes from the channel potential under 
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the main gate will be raised by the top gate for nanowire channel [64] 

Owing to the high surface to volume ratio of NW structure, the channel potential 

is sensitive to both gates due to the floating body. From Fig. 2-3 (a), it can also be 

observed that a strong gate-to-gate coupling phenomenon on the corner due to the 

geometry. Based on two factors proposed above, the Vth (defined as the gate voltage 

as the drain current is 10 nA) of one transistor can be easily modulated by the gate 

voltage of the other one. For Vg,main applied to the main gate lower than 0 V, it should 

be noted in Fig. 3-4 (a) that Id-Vg,top curve for DG-NWTFT hardly shifts. In this state, 

the main gate side surface potential is in accumulation, and is pinned regardless of 

Vg,main. For the same range of Vg,top applied to top gate, the curve shift phenomena in 

Fig. 3-4 (b) is similar to that in Fig. 3-4 (a), but with larger shift. It is attributed the 

special geometry of our device structure. 

In order to understand the mutual interaction of TG and MG in DG-NWTFT, the 

DG-NWTFTs with different gate oxide thicknesses were studied and their threshold 

voltage as a function of channel length under different operation mode are shown in 

Fig. 3-6 (a), (b) and (c). DG1 and DG2 represent the DG devices with the top-gate 

oxide thicknesses of 18nm and 60 nm and the main-gate oxide thickness is fixed at 18 

nm. 

In Fig. 3-6 (a), the threshold voltage of MG mode (the top gate is grounded) of 

DG2 is lower than that of MG mode of DG1. It is from that the effective positive 

oxide charge density is higher for thicker gate oxide and induces wider depletion 

region under the grounded top gate, the threshold voltage of MG mode of DG2 can be 

lower due to the contribution of the wider depletion region induced by the top gate on 

the corner interaction region. In Fig. 3-6 (b), it can be observed that when DG1 and 

DG2 operated in TG mode (the main gate is grounded), the Vth roll-off phenomena of 

DG2 is obvious as the channel length shorter than 2 μm. Because the thicknesses of 
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top-gate oxide of DG2 is about 2 times of DG1 and results in a lower electrical 

potential in the channel of DG2, and the electrical potential barrier can be more easily 

lowered by the drain voltage potential, i.e., DIBL effect.   

From Fig. 3-6 (c), we can observe that the Vth roll-off for DG mode is more 

effectively suppressed than that of TG and MG modes. Because the electrical 

potential at the corner interaction region in the channels under two gates is much 

higher, it needs higher drain voltage for the potential barrier lowing for the Vth roll-

off. 

In Table 3-2 show the subthreshold slopes of TG, MG and DG modes of the 

devices mention above (DG1 and DG2). Under the operation of MG mode, although 

with the top gate grounded and the same main gate oxide thickness of DG1 and DG2, 

it can be observed that the subthreshold slope of DG2 is much stepper than that of 

DG1. It is from that the thicker top gate oxide thickness of DG2 weakens the 

controllability from the top gate to the channel, so it is much easier for DG2 to turn on 

than of DG. 

 

3.2 Mechanisms of leakage current of NW-DG TFTs 

 

The off-state leakage current is a very important issue in poly-Si TFT, and it will 

reduce the drain current ON/OFF ratio and consume extra power. There are may 

causes for the off-state leakage current. In our poly-Si TFTs, the off-state leakage 

current is mainly from the defects and traps in the in-grain and grain boundaries of 

polycrystalline silicon channel. Besides, the defects at the interface of Si/SiO2 resulted 

from the etching damage by TCP will contribute extra leakage current. In this section, 

we concentrate the leakage current induced from GIDL effect.  
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Due to the small cross-section area of nanowire channel, the total off-state 

leakage current should be low. However, the off-state leakage current shown in Fig. 3-

1 is not so low as our expectation and it shows strong dependence on the voltage 

difference between the gate and the drain. It might be associated with the electric field 

in the channel near the drain. 

Figure 3-7 (a), (b) and (c) show that the off-state leakage currents operated in TG 

(main gate grounded), MG (top gate grounded) and DG modes of DG-NWTFTs with 

various gate widths, 2μm channel length and 18 nm thickness of main and top gate 

oxide after 5 hours NH3 plasma treatment. The “gate width (GW)” is defined in Fig. 

2-4 (a) as the width of the gate, not equal to the channel width. The drain current as a 

function of the gate width is shown in Fig. 3-8 (a). The normalized drain current to Id 

(@ GW = 0.8μm) is shown in Fig. 3-8 (b), it revels that the off-state leakage current at 

Vg = - 5 V in MG and TG modes is linearly proportional to the GW size, but the 

proportional constant is one only for the MG mode. So we can propose that the 

mechanism of the off-state leakage current for MG and TG modes are not completely 

the same. 

In the off-state, if the generation and recombination centers resulted from the 

traps distributed in the in-grain and grain boundaries is responsible for the leakage 

current. The activation energy of the traps is a fixed value. The activation energies 

under each bias condition are extracted by fitting the slope of Arrhenious plot by the 

following equation [66].  

0 exp( )A
OFF

EI I
kT

= −   (Eq. 3-1) 

I o = constant independent of temperature, 
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Ea = drain current activation energy which measures the difference between the 

valence band edge and the energy of the grain boundary states within kT 

of the Fermi level. 

 

And IOFF ,k, and T represent the off-state leakage current , Boltzmann constant, 

and temperature, respectively. The derived activation energy depends on the 

difference between gate and drain as shown in Fig. 3-10. It excludes the possibility 

that the leakage is from the defects. 

The Id-Vg characteristics measured at the temperatures ranging from 25OC to 

125OC are shown in Fig. 3-9 (a), (b) and (c). The activation energies for devices with 

the gate widths of 0.8 and 5 μm are shown in Fig. 3-10. It can be observed that the 

activation energy operated in MG mode is essentially independent of the gate width 

and depends on the difference between drain and gate bias. It indicates that the 

leakage mechanism is not related to the defects, it could be related to the electric field 

in the channel between gate and drain  

From Fig.3-9 (b) and Fig.3-10 the difference of the off-state current operated in 

main gate mode is mainly dependent on the overlap area between the main gate and 

drain region (the red dashed line indicated in Fig. 2-1 (b) and magnitude gate and 

drain biases. However, the overlap area is the same for all NW devices. Therefore, the 

Gate-induced drain leakage (GIDL) is the most likely cause for the anomalously high 

off-state current. There are two possible regions for the off-state leakage generation in 

DG NW-TFTs, one is in the drain/channel junction and the other is in the gate-to-

drain overlap region, illustrated in Fig. 3-11 (a), (b), (c) and Fig. 3-12 (a), (b), (c) as 

follows [65]. For the drain/channel junction, there are generally three cases in Figs. 3-

11 (a), (b) and (c): 
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1) In low electric-field regime: The off-state current is mainly dominated by 

thermal emission. At first, electrons are thermally excited from the valence 

band into the midgap traps of grain boundaries and then jumped into the 

conduction band. In this case, the activation energy is about half of the 

bandgap as shown in Fig. 3-11 (a). 

2) In medium electric-field regime: The electrons are thermally excited from the 

valence band to the traps or surface states in the band gap and then tunneling 

into the conduction band, as shown in Fig. 3-11 (b). This is known as the 

thermionic-field emission.   

3) In high electric-field regime: The band diagram is bent seriously under high 

electric field. The electrons are tunneling from the valence band directly into 

the conduction band. The quasi-Fermi level at the channel/oxide interface 

shifts nearer to the valence-band edge, and the band-to-band tunneling easily 

happened with the aid of trap states, and lead to high leakage current in the 

off-state region as shown in F Fig. 3-11 (c). This is known as the band-to-

band tunneling. It takes place near the drain region instead of tunneling 

through the gate oxide, which is known as the gate-induced drain leakage 

(GIDL). 

 

For the gate-to-drain overlap region, the leakage current depends on the width of 

the gate and the magnitude of drain bias. There are also three cases depending on the 

electric field strength in the gate-to-drain overlap region as illustrated in Figs. 3-12(a), 

(b) and (c), which are similar to that of the drain/channel junction. 

The GIDL current is resulted from the high electric field existed at the oxide/drain 

region under the high bias of VGD, which will result in a depletion region in the drain 

region and eventually leads to the band-to-band or trap-assisted tunneling process in 
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the depletion region. The origin of the GIDL effect in the NW devices comes from the 

doping profile in the drain. In our fabrication process, the low energy (e.g.,15 keV) 

implantation for S/D formation was used to avoid excessive dopant incorporation in 

the NW channels. This results in a gradient doping profile and the doping 

concentration decreases toward the oxide/Si interface. This will enhance the GIDL 

current in the OFF state. 

The off-state leakage currents of DG NW-TFTs with the same gate width and 

various channel lengths are shown in Fig. 3-13 (a), (b) and (c), after 4-hour plasma 

treatment in NH
3 
ambient. When the channel length is longer than 2 μm, the off-state 

currents in TG mode is strongly dependent on the channel length, but it is independent 

in MG mode. From Fig. 3-7 (a) and 3-13 (a),it can be observed clearly that there is 

still another factor contributing TG mode off-state leakage current besides the GIDL 

effect.  
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Chapter 4 
                                                                          

Plasma Treatment Effects on Nanowire 

Double-Gated Thin-Film Transistors  

 
In Poly-Si TFTs, the SiO2/Si interface, grain boundaries, and in-grain defects 

play crucial roles in the device performance. It is well known that the quality of Poly-

Si TFTs can be improved with plasma-treatment by passivating the dangling bonds 

associated with SiO2/Si interface, grain boundaries and the in-grain defects. Many 

gases including NH3, N2, O2, N2O, CF4 were used for plasma treatment [53]-[55]. In 

general, the H2 plasma treatment is very effective and common for passivation. 

However, it is not stable because of its weak Si-H bonds. On the other hand, the NH3 

plasma treatment is attractive, as it not only offers the good feature of H2 plasma but 

also provides the pile-up of nitrogen at oxide/poly-Si interface and forms strong Si-N 

bonds to alleviate the hot carrier issue and achieve better device performance. The 

pure N2 plasma passivation is also promising, as it also forms strong Si-N bonds. 

In the past, the effect of plasma treatment on poly-Si TFT had been widely 

discussed. However, its effects on the nanowire device has yet to be clarified. In this 

work, both NH3 and N2 plasma treatments were employed and the passivation 

mechanisms were discussed.  
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4.1 Electrical characteristics of NW-DG TFTs with 

plasma treatment 

 

The Id-Vg characteristics of DG-NWTFT with a gate oxide thickness of 32 nm 

under various NH3-plasma treatment times ranging from 0 to 5 hr are shown in Fig. 4-

1(a). It can be seen that the drain current (@Vg=7v) increases, saturates gradually, 

and then decreases with the NH3-plasma treatment time, as shown in Fig. 4-1 (a). The 

maximum drain current can reach about 6.2 µA at a treatment time of 4 hr. The H and 

N ions exist in NH3-plasma treatment. The drain current increase is ascribed to the N 

and H passivation of defects in the gate oxide, the interface, and poly-Si of channels. 

As shown in Fig. 4-1(b), transfer characteristics of DG-NWTFT with a thinner gate 

oxide thickness of 18 nm under various NH3-plasma treatment times show similar 

trends, albeit it reaches the final stable state in a shorter NH3-plasma treatment time.   

From a previous study, the drain current is only marginally improved under H2 

plasma treatment [49]. Id-Vg characteristics of DG-NWTFT with a gate oxide 

thickness of 32 nm under various N2-plasma treatment times ranging from 0 to 1 hr 

are shown in Fig. 4-2. We can see that the drain current increases and saturates 

gradually with the N2-plasma treatment time. The comparison of NH3 and N2 plasma 

treatments as show in Fig. 4-3. It can be seen that the subthreshold slope and the 

minimum current are better for N2 plasma treatment than for NH3 plasma treatment, 

given the same treatment time. It indicates that the passivation effect of N is stronger 

than that of H. 

When the plasma treatment time increases, more H and N ions diffuse into the 

device active region and the electrical performance is improved. Figure 4-4 shows 

that the minimum drain current increases initially, and then decreases with the NH3-
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plasma treatment time. The increase of minimum drain current when the treatment 

time is shorter than 2 hr is ascribed mainly to the radiation damage. While the 

decrease of minimum drain current when the treatment time is longer than 2 hr is 

ascribed mainly to the defect passivation effect of N and H in the gate oxide, the 

interface between gate oxide and poly-Si, and poly-Si, or the accumulated hydrogen 

passivation of poly-Si grain boundary, thus reducing the GIDL effect as proposed in 

our previous study. [67]  

For poly-Si-top-gate DG NW-TFT, the threshold voltage shifts toward left and 

then back to right with NH3-plasma treatment time, as shown in Fig. 4-5. The shift of 

threshold voltage toward left is from the generation of positive oxide-trapped charges 

induced by the plasma radiation damage. The positive oxide-trapped charges are 

distributed in the oxide, grain boundary and in-grain. The positive oxide-trapped 

charges in the grain boundaries can be reduced by H passivation. However, it takes 

much longer to reduce the defects inside the grains [48]. It is explained by the slowly 

moving back to right of threshold voltage shift with the treatment time. The slow 

recovery rate is dominated by the slow H diffusion rate in grain. In addition, the N 

accumulation at the SiO2/poly-Si interface could also contribute to the right shift of 

Vth. The dangling bonds at the SiO2/poly-Si interface can be effectively passivated by 

the strong Si-N bonds. From a previous study, the N atoms can even diffuse 

throughout the channel polysilicon region and passivate the in-grain defects [53]. The 

Si-N bonds can also increase the dielectric constant, which can enhance Id and in turn 

lower Vth.  

 

 23



4.2 Plasma treatment on metal-top-gate DG NW-TFTs  

 

Poly-Si DG-NWTFTs show large left-shift of Vth with a short (i.e., 0 to 2 hours) 

plasma treatment, possibly relating to radiation damage. This hypothesis is supported 

by the behavior of metal-top-gate (Al) DG-NWTFTs with poly-Si main gate, as 

shown Fig. 4-6, as the metal gate can effectively prevent the radiation damage.   

For metal-top-gate (Al) DG-NWTFTs with poly-Si main gate, the drain current 

as a function of gate voltage, with NH3-plasma treatment time as a parameter, is 

shown in Fig. 4-6. It can be seen that the electrical characteristics are greatly 

improved. The difference in subthreshold slope, minimum drain current, off-state 

leakage current, and threshold voltage shift with different treatment time becomes 

smaller. The almost constant threshold voltage shift indicates that the plasma radiation 

damages are indeed greatly reduced by the use of Al top-gate. 

 

4.3 Activation energy of DG NW-TFTs with different 

plasma treatment time 
1 The value of the activation energy reflects the carrier transport barrier of the grain 

boundary within the poly-Si channel. The value of activation energy for various 

treatment times is shown in Fig. 4-7. The extracted activation energy for plasma-

treated samples is higher than that for fresh devices, which implies that the trap states 

in the channel are passivated by the plasma treatment, so the leakage current becomes 

more difficult to generate. 
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Chapter 5 
                                                                          

Poly-Si Nanowire Thin-Film Transistors 

with High-k Passivation Layer 

 
In order to improve the SG NW-TFT electrical performance, the passivation 

layer of SiO2 (k = 3.9, 250nm) layer was replaced with a stack layers of Al2O3 (k = 9, 

10nm)/HfO2 (k = 25, 20nm)/SiO2 (200nm) in this study. By capping a passivation 

layer with high k material on the nanowire channel, the associated fringing field helps 

induce an additional conductive inversion-layer in the nanowire channel, as shown in 

Fig. 5-1. Similar trend is also expected for DG NW-TFTs. 

 

5.1 Electrical characteristics of SG NW-DG TFTs with 

high-k passivation layer 
 

For brevity, the single-gated TFT with SiO2 passivation is denoted as NW-

TFT(A), and the device with high-k passivation is denoted as NW-TFT(B) in this 

study. As shown in Fig. 5-2 and Fig. 5-3, we can see that the transfer and output 

characteristics of NW-TFT (B) show better subthreshold slope, lower drain current in 

subthreshold region, lower minimum drain current, and higher drain current, 

compared with those of NW-TFT (A), both receiving 3 hr NH3 plasma treatment. The 

stronger coupling causes more barrier lowering near the drain, improving the DIBL 
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effect. On the other hand, the high-k passivation layer also results in a lower 

equivalent oxide thickness between the gate (without channel underneath) and the 

channel. It is similar to the device with surrounding-gate, and therefore showing 

higher drain current, as clearly observed in Fig. 5-3. 

As for the lower minimum drain current for NW-TFT(B), it could be ascribed to 

more N and H ions diffusing through high-k material into in-grain and grain 

boundaries, resulting in more effective passivation during NH3 plasma treatment. 

5.2 Activation Energies of SG NW-DGTFTs with1 

High-k Passivation Layer 
 

The drain current as a function of gate voltage with the measurement temperature 

as a parameter for NW-TFT(A) and NW-TFT(B), after NH3 plasma treatment for 3 

hours, are shown in Fig. 5-4 (a) and (b), respectively. The drain current increases with 

the measurement temperature for both devices, albeit the temperature dependence is 

much minor for NW-TFT(B). This could be ascribed to the higher poly-Si quality 

with lower defect density by the NH3 plasma treatment for 3 hours. The lower 

recombination centers from lower defect density will contribute to lower carrier 

concentration, making it insensitive to the temperature. 

The above argument is supported by Fig. 5-5, which shows the activation 

energies of NW-TFT(A) and NW-TFT(B) after NH3 plasma treatment for 3 hours. 

When the gate voltage is smaller than zero bias, the activation energy of NW-TFT(B) 

is lower than that of NW-TFT(A) and is independent of the drain voltage. It indicates 

that the channel quality of NW-TFT(B) is better than that of NW-TFT(A). 

 26



Chapter 6 
                                                                         

Conclusions and Future works  
 
6.1 Conclusions 
 

In this thesis, TFT devices with double-gated nanowire channel structure (DG 

NW-TFTs) were fabricated and the mechanism for electrical conductance was studied. 

Our results indicate that DG NW-TFTs have better electrical performance over SG 

NW-TFTs, including higher ON current, larger ON/OFF current ratio, steeper 

subthreshold slope(S.S.) and lower minimum drain current. Our results also show that 

stronger gate controllability that effectively suppresses the DIBL effect and lowers the 

leakage current in subthreshold region is achievable by employing the doubled-gated 

structure. In addition, the resultant DG device can act as a functional device by 

applying independent biases to two gates simultaneously, thus allowing the flexibility 

to adjust the threshold voltage of the device.  

The single-gated nanowire TFT with high-k passivation was also discussed in 

this study. The Id-Vg characteristics show that the fringing field effect from the high-

k passivation layer can effectively improve the device performance, including steeper 

subthreshold slope, lower DIBL effect….etc. 

In this study, we also found that both NH3 and N2 plasma treatments can 

dramatically improve the electrical performance of nanowire devices. In addition, we 

also found that the treatment time needed for suitable performance improvement is 

shorter with N2 plasma treatment. 
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6.2 Future works 
 

In this thesis, we have explored various structural parameters of nanowire TFTs, 

such as single-gate, double-gate, gate oxide thickness, channel size, and passivation 

layer on the device performance.  

In order to further improve the device performance, the following works are 

suggested for future research: 

1. Several papers showed that the crystallization methods like SPC, MILC, ELC 

can effectively improve poly-Si channel quality. In this thesis, we 

concentrated our efforts on the SPC method. Other methods, such as MILC 

and ELC can be tried to improve the channel quality of DG NW-TFT in the 

future.   

2. High-k gate dielectric is attractive for high performance devices. It could 

reduce the EOT while maintaining a higher physical thickness, thus lowering 

the leakage current. In addition, TFTs with high-k gate dielectric can have 

higher driving current. We can replace SiO2 gate dielectric with high-k 

material to improve device performance in the future. 

3. The off-state leakage current associated with GIDL originated from the 

lightly-doped gate/drain overlapped region is still an important issue in our 

device. In the future, we can add an additional SiN layer between the main 

gate and drain to lower the electrical field, therefore alleviating the GIDL off-

state leakage current.  

4. The plasma passivation mechanism on nanowire device warrants further 

discussion. In the future, physical and chemical analyses such as 

SIMS,ECSA,OES…. can be employed to study the detailed mechanism.    
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Table 3-1. Performance comparisons SG NW-TFTs and DG NW-TFTs 

(at VD=0.5V) 

 

 
 

Vth 

 (V) 

 
SS 

(mV/dec) 

 
Ion    

(μA) 

 

 
 

Ioff      
(pA) 

 

SG NW-TFTS 
 

1.05 
 

 
360 

 

 
0.65 

 
5.89 

DG NW-TFTS 
 

0.96 
 

180 1.53 2.97 

 

Table 3-2  Subthreshold slope for DG NW-TFTs (at VD=0.5V) under 

various operation modes. 

 

  

TG mode 

 

 

MG mode 

 

DG mode 

DG1 

( TOX,topc =18nm)

( TOX,main=18nm)

 

281 (mV/dec) 

 

 

697 (mV/dec) 

 

168 (mV/dec) 

DG2 

( TOX,topc =60nm)

( TOX,main=18nm)

 

733 (mV/dec) 

 

496 (mV/dec) 

 

 

205 (mV/dec) 
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Figure 2-1  (a) Schematics of double-gated nanowire thin-film-transistor. 

  
 

 
 
 

Figure 2-1  (b) top view of double-gated nanowire thin-film-transistor. 
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Figure 2-2  (a) Definition of the main gate. 

 

 
 
Figure 2-2  (b) Deposition of main gate oxide (LPCVD SiO2). 

 

 
 
Figure 2-2  (c) Deposition of source/drain and channel layer. 
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Figure 2-2  (d) After ion implantation, self-aligned formation of  

source /drain nanowire channel. 

 
 
Figure 2-2  (e) Deposition of top gate oxide (LPCVD SiO2) 

 
Figure 2-2  (f) Deposition and formation of top gate 
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Figure 2-3  (a) cross-sectional view of DG NW-TFT. 

 

 

 

 

Figure 2-3  (b) TEM picture of cross-sectional view. 
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Figure 2-4  (a) Parameter definition of DG NW-TFT. 

 

 

 
 

Figure 2-4  (b) TEM picture of DG NW-TFT. 
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Figure 3-1 . (a) Transfer characteristics (b) Output characteristics of SG 

NW-TFTs and DG NW-TFTs with channel length of 2 μm 
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Figure 3-2 . (a) Transfer characteristics (b) Output characteristics of  DG 

NW-TFTs with channel length of 0.8 and 2 μm 
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Figure 3-3 (a) .Transfer characteristics of a DG NW-TFT under TG 
and MG and DG mode. 

 
 

Figure 3-3 (b). Cross-section of a DG NW-TFT  
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Figure 3-4 . Output characteristics of a DG NW-TFT under TG and 

MG and DG mode. 
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Figure 3-5 . Id-Vg characteristics of DG-NWTFT with 3hr NH3 plasma 

treatment time by (a) sweeping MG with Vtop gate  from 3 to -3 
V in step of 1V (b) sweeping TG with Vmain gate  from 3 to -3 V 
in step of 1V 
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Figure 3-6(a) . The MG mode (the top gate is grounded) threshold voltage as a 

function of channel length for different top gate oxide thickness DG 
NW-TFT devices with VD = 0.5 V (Vth @ ID = 10-8 A) 
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Figure 3-6(b) . The TG mode (the main gate is grounded) threshold voltage as a 

function of channel length for different top gate oxide thickness 
DG NW-TFT devices with VD = 0.5 V (Vth @ ID = 10-8 A) 
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Figure 3-6(c) . The TG, MG and DG mode threshold voltage as a 

function of channel length for DG NW-TFT devices with 
VD = 0.5 V (Vth @ ID = 10-8 A) 
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Figure 3-7 . (a) Transfer characteristics of DG-NWTFTs operate in TG 

mode (the main gate is grounded) with different gate width. 
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Figure 3-7 . (b) Transfer characteristics of DG-NWTFTs operate in MG 

mode (the top gate is grounded) with different gate width. 
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Figure 3-7 . (c) Transfer characteristics of DG-NWTFTs operate in DG 

mode with different gate width. 
 
 
 
 
 
 
 
 

 52



Gate  width (μm)

0 1 2 3 4 5 6

D
ra

in
 C

ur
re

nt
 (A

)

200x10-12

400x10-12

600x10-12

800x10-12

1x10-9

TG mode   
MG mode   
DG mode   

t 
OX,top =  t 

OX,main = 18nm , L = 2 μm

Vd = 3 V ,Vg = -5 V

 
 
Figure 3-8 . (a) On-state drain current as a function of gate width 
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Figure 3-8 . (b) Normalized drain current to Id (@ GW = 0.8μm) as 

a function of gate width 
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Figure 3-9 . (a) Off-state leakage of DG-NWTFTs at 0.5V at various 

temperatures under TG mode (the main gate is grounded)  
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Figure 3-9 . (b) Off-state leakage of DG-NWTFTs at 0.5V at various 

temperatures under MG mode (the top gate is grounded)  
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Figure 3-9 . (c) Off-state leakage of DG-NWTFTs at 0.5V at various 
temperatures under DG mode  
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Figure 3-10 . Activation energy of DG NW-TFTs with different gate 
width and gate voltage as a function of gate voltage. 
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Figure 3-11. Leakage mechanism in drain/channel junction  

(a) thermionic- emission. 
(b) thermionic-field emission.  
(c) band-to-band tunneling. 
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Figure 3-12. Leakage mechanism in gate-to-drain overlap region 

(a) thermionic- emission. 
(b) thermionic-field emission.  
(c) band-to-band tunneling. 
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Figure 3-13 . (a) Off-state leakage of DG-NWTFTs at 0.5V at various channel 

lengths under TG mode (the main gate is grounded)  
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Figure 3-13 . (b) Off-state leakage of DG-NWTFTs at 0.5V at various channel 
lengths under MG mode (the top gate is grounded) 
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Figure 3-13 . (c) Off-state leakage of DG-NWTFTs at 0.5V at various 
channel lengths under DG mode  
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Figure 4-1 (a)  Transfer characteristics of DG NW-TFTs under different 
NH3- plasma treatment time. tox. top = 32nm. 
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Figure 4-1 (b)  Transfer characteristics of DG NW-TFTs under different 

NH3- plasma treatment time. tox. top = 18nm. 
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Figure 4-2  Transfer characteristics of DG NW-TFTs under 

different N2-plasma treatment time. tox. top = 32nm. 
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Figure 4-3  Transfer characteristics of DG NW-TFTs under NH3 or 

N2 plasma treatment. tox. top = 32nm. 

 62



Plasma treatment time( hr )

0 1 2 3 4 5 6

M
 in

im
um

 d
ra

in
 c

ur
re

nt
 (p

A
)

0

20

40

60

80

100

.

20

40

60

80

100

W/L = 130nm / 2μ m 

VD = 3 V 

 

Figure 4-4  Minimum drain current as a function of plasma treatment 
time. tox. top = 32nm. 
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Figure 4-5  Threshold voltage with as a function of plasma treatment 

time. Vth = Vg @ ID = 10nA. tox. top = 32nm. 
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Figure 4-6  Transfer characteristics of metal-top-gate DG NW-

TFTs under different NH3-plasma treatment time. 
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Figure 4-7  Activation energies of DG NW-TFTs s a function of gate 
voltage for different plasma- treatment time. 
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Figure 5-1  Schematic showing the stronger fringing field effect induced 

by the high-k material in the nanowire channel 
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Figure 5-2  Transfer characteristics for the device without (i.e., SG NW-

TFTs (A)) and with high-k passivation (i.e., SG NW-TFTs (B)). 
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Figure 5-3  Output characteristics for the device without (i.e., SG 

NW-TFTs (A)) and with high-k passivation (i.e., SG 
NW-TFTs (B)). Vg ‘ = Vg – Vth. 
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Figure 5-4  (a) Transfer characteristics of SG NW-TFTs without high-k 

passivation, measured at various temperatures. 
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Figure 5-4  (b) Transfer characteristics of SG NW-TFTs with high-k 

passivation, measured at various temperatures. 
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Figure 5-5  Activation energy for the device without (i.e., SG NW-

TFTs (A)) and with high-k passivation (i.e., SG NW-
TFTs (B)), as a function of gate voltage. 
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